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Soybean [Glycine max (L.) Merr.] is a valuable source of 
edible food and organic nitrogen. Soybean cultivar development 
and cultural practices have been directed toward seed 
production rather than forage or green manure production. 
Recent environmental concerns have resulted in renewed 
interest in the use of organic matter in agriculture. 
The objective of the present investigation was to 
determine the effects of cultivar maturity differences and 
planting dates on biomass production of soybean. 
The research was conducted on the Western Kentucky 
University Farm in 1993. The experimental design was a split-
split-plot with four replications. The three planting dates 
(June 2, June 16, and July 6) were main-plots, the three 
harvest dates were split-plots, and the five cultivars were 
split-split-plots. The cultivars and their maturity groupings 
and areas of adaptation are as follows: 'McCall' (00, 
Minnesota), 'A2506' (II, Iowa), 'FFR561' (V, Kentucky), 
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'Perrin' (VIII, South Carolina), and 'Laredo1 (undesignated 
maturity, forage cultivar). Each experimental unit was 45 m2. 
Seeds were inoculated and broadcast at the rate of 175 kg ha-1 
and covered by disking. Average biomass production (oven dry 
basis) decreased progressively (2918, 2450, and 2088 kg ha-1) 
for the later planting dates. For the June 2 and June 16 
planting dates, biomass yields increased for successive 
harvest dates; however, for the July 6 planting date, biomass 
yields did not differ for harvests 2 and 3. When cultivars 
were compared at the early bloom stage, later maturing 
cultivars produced more biomass. Laredo was consistently among 
the highest producers. There were significant interactions 
involving planting dates, harvest dates, and cultivars. 
Soybean stands and yields were reduced by inadequate seed 
covering, by insufficient soil moisture, especially the second 
planting, and by competition from johnsongrass and pigweed. 
However, these results indicate that soybean is a good source 
of green manure during the summer. 
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CHAPTER I 
INTRODUCTION 
The soybean is one of the oldest of cultivated crops. Its 
early history is lost in antiquity. The first record of the 
plant dates back to China, 2838 B.C. Cultivated soybean 
[Glycine max (L) Merr.] probably was derived from a small 
seeded wild type (Glycine ussuriensis Regel and Maack) that 
grows in eastern Asia (Martin et al., 1976). 
The soybean was introduced to the United States in 1804. 
Little attention was given to the crop until 1889 when 
researchers at several experiment stations became interested 
and when a large number of varieties were imported by the 
United States Department of Agriculture. Since that time, 
soybean production has rapidly expanded, particularly since 
approximately 1920 (Martin et al., 1976). In world agriculture 
today, few crops are more valuable than soybeans. 
During the early period in the United States, soybeans 
were used for forage or hay and, to some extent, green manure. 
In the 1940s the acreage of soybeans grown for seed surpassed 
that grown for forage and other purposes. Presently, the 
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United States produces more than one-half of the world's 
soybeans and is a leading exporter of soybeans and soybean 
products (Herbek and Bitzer, 1988). 
The soybean is a versatile crop used for many purposes. 
It is grown mainly for its oil and protein bearing seed which 
is processed and refined into many oil and meal products. 
Soybeans can also be grown for hay, silage, residue 
utilization, and green manure (Herbek and Bitzer, 1988). 
Recent interest in organic agriculture and concern about 
the potential polluting effect of inorganic nitrogen have 
generated renewed interest in organic matter production. 
Although there is a large volume of literature on the value 
and production of winter cover crops, less research 
information is available on summer green manure crops. 
Soybean, as a productive legume, has potential as a summer 
source of organic matter and organic nitrogen. 
The objective of the present study was to determine the 
effects of cultivar maturity differences and planting dates on 
biomass production of soybeans. 
CHAPTER I I 
REVIEW OF LITERATURE 
MATURITY GROUPS 
Soybean cultivars grown in the United States are 
categorized in 10 maturity classes from 00 to VIII (Table 1). 
Groups 00 and 0 are the earliest maturing cultivars adapted to 
the northern latitudes of the United States and Southern 
Canada (Fig. 1) . Groups VII and VIII are the latest maturing 
cultivars adapted to the southern latitudes of the United 
States. The maturity range within a group may vary from 10 to 
21 days (Martin et al.,1976). Cultivars within a maturity 
group are adapted to a band usually less than 100 to 150 miles 
latitude. When a cultivar is grown north of its band, it will 
flower later than normal; when grown south of its band, the 
cultivar will mature earlier than normal (Scott and Aldrich, 
1970). 
Response to day length determines whether a cultivar is 
early or late in maturity. The factor that separates early-
from late-maturing cultivars is minimum number of hours of 
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darkness required to induce flowering. Early cultivars, 
adapted to the north where the days are long, will flower 
under continuous daylight. Late varieties, adapted to the 
south where the days are shorter, require at least 10 hours of 
darkness before flowering is initiated. Any cultivar, whether 
early or late, will begin to flower within 30 days of 
emergence when the daylight period is only 12 hours. 
Forty-five to 60 days between emergence and flowering is 
normal. When this vegetative period is shortened, the effect 
on the soybean plant is usually a reduction in both yield and 
height (Scott and Aldrich, 1970) . 
Soybeans are grown in both early and late planted 
cropping systems in the southern United States. Generally, 
early-planted determinate cultivars produce higher yields than 
late-planted determinate cultivars. Many soybean producing 
regions in the southern United States experience periods of 
low rainfall in June, July, and August, whereas rainfall 
amounts are usually adequate earlier in the season. Therefore, 
the primary advantage of early-planted, early maturing 
indeterminate soybean production is that reproductive 
development will generally coincide with periods of favorable 
precipitation and subsequent soil moisture availability (Savoy 
et al, . 1992) . These workers found that acceptable yields, 
with maturation in late August, were possible using an adapted 
indeterminate soybean (maturity group III) in an early-season 
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production system in south central Texas. Boote (1981) 
investigated the feasibility of growing soybean cultivars 
varying in maturity groups in an early planted full season 
environment in Florida. He concluded that groups II, III, and 
IV cultivars produced adequate yields and achieved maturation 
by late June, thereby allowing time for a second crop of 
soybeans or small grains. 
TEMPERATURE 
The threshold temperature for germination of soybean 
seeds is approximately 10°C. Emergence occurs slowly when the 
soil temperature is below 10°C. Seedlings will emerge five to 
seven days after planting when the soil temperature is 18-
20°C. Ideally, soybeans should not be planted when the soil 
temperature is high unless sufficient moisture for rapid 
germination is present. Soybean seeds lose vigor when 
subjected to high temperature, particularly if the humidity is 
also high. Cultivars requiring most of the growing season to 
mature will produce higher yield when planted as soon as the 
soil temperature will allow. Yield of these cultivars usually 
declines as planting is delayed. However, the loss is 
relatively minor for the first two or three weeks of delay 
(Scott and Aldrich, 1970). 
Early maturing cultivars often do not respond to early 
6 
planting. They usually produce higher yields when planting is 
delayed two or three weeks. Selecting the best planting date 
may be more critical in the case of early cultivars. Their 
yields tend to peak during a relatively short period (Scott 
and Aldrich, 1970). 
DETERMINATE AND INDETERMINATE CULTIVARS 
Determinate and indeterminate soybean cultivars 
frequently respond differently to planting dates. Hartwig 
(1954) reported that mature plants of indeterminate cultivars 
were tallest when planted in early May and became 
progressively shorter with later planting dates through June 
20, whereas mature plant height of determinate cultivars 
increased with successively later planting dates from 
mid-April through early June in the southern United States. 
The number of days from seedling emergence to maturity was 
reduced with successively later planting for both types of 
cultivars. 
Studies conducted in Virginia by Smith et al. (1961) 
showed considerable variability in plant height among 
cultivars from year to year, with a trend for mid-season 
planting to produce taller plants than earlier or later 
plantings. Higher yields were obtained from late May or early 
June seeding dates than from later dates. In studies conducted 
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in the northern part of the United States, Beaver and Johnson 
(1981) found that indeterminate cultivars showed a linear 
decline in plant height and main stem node number as planting 
date was delayed. However, plant height and nodes per stem of 
the determinate cultivars were greatest with early June 
plantings. Based upon studies conducted in Indiana, Wilcox and 
Frankenberger (1987) found that indeterminate cultivars were 
significantly shorter when planted during the middle or at the 
end of June than when planted in May or in early June. There 
were no significant differences in height of determinate 
strains with successive planting dates. They found no decline 
in plant height with successively later planting of 
determinate strains through the third week of June. These 
researchers suggested that determinate strains may be more 
sensitive than indeterminate strains to temperature early in 
plant development. 
YIELD AND QUALITY OF SOYBEAN FORAGE 
Although presently grown almost entirely as an oil-seed 
crop, soybean was previously a popular summer annual forage 
legume (USDA, 1940) . Perennial species have now largely 
replaced soybeans for forage production; however, soybeans are 
still considered a viable alternative forage during periods of 
decreased productivity of perennial forage species. Because 
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forage production currently represents less than 3% of the 
total soybean acreage (USDA, 1989), only a limited amount of 
research has been conducted to determine the effects of 
cultivars and management practices on yield and quality of 
soybean forage. 
Plant density and harvest maturity effects were evaluated 
by Munoz et al. (1983) . They reported increased dry matter 
yields and reduced digestibility as plant density increased 
and as harvest was delayed to the late reproductive stage. 
Willard (1983) also evaluated the effects of harvest maturity 
on soybean forage yield and concluded that dry matter yields 
were greatest during late reproductive development when 
"one-fourth the leaves appear yellow." Ocumpaugh et al. 
(1981) inter-seeded soybean cultivars from several maturity 
groups into a grass pasture and observed a significant 
advantage in dry matter yield and crude protein concentration 
for late-maturing cultivars. 
Hintz et al. (1992) evaluated the effects and 
interactions of cultivars, row spacing, plant density, and 
harvest maturity on the yield and quality of soybean forage in 
Wisconsin. They found that harvest maturity had the greatest 
effects on soybean forage yield and quality. Later maturing 
cultivars (groups II and III) produced greater forage yields 
but lower quality forage when harvested at the same stage of 
development. They concluded that the soybean forage is similar 
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in quality to alfalfa. Management practices typically used for 
soybean grain production were found to be suitable for forage 
production. 
SOYBEANS AS A SOURCE OF GREEN MANURE 
Soybeans are considered an excellent green manure crop 
for improving soil structure and fertility when grown in 
rotation with other crops such as corn. Although green manure 
was used to some extent several years ago, it does not fit 
well into the present-day intensive grain programs. Economics 
do not justify using land for growing a green manure instead 
of growing another cash grain crop. However, on poor or idle 
soils, growing green manure can improve the soil. Plowing 
soybeans under as green manure can add significant amounts of 
organic matter and nitrogen to the soil (Herbek and Bitzer, 
1988). 
CHAPTER I I I 
MATERIALS AND METHOD 
The field study was conducted on the Western Kentucky 
University Farm in 1993. The soil was a Pembroke silt loam 
(Mollic Paleudalf). Since the soil tested medium to high in 
available phosphorus and potassium, no fertilizer was applied. 
The study site had been used for corn production for several 
years. 
The entire experimental area was seeded to 'Ogle' spring 
oats (Avena sativa L.) April 23. Oat biomass yield was 
estimated using 10 randomly located 0.37m2 quadrats (0.61 X 
0.61m) per experimental unit (15 X 15m) in each of four 
replications. Oat plants were clipped at ground level, oven 
dried (70 °C) , and used to estimate yield of biomass. Oat 
biomass yields were analyzed as a randomized complete block 
design with three treatments (harvest dates) and four 
replications. The biomass was disked into the soil prior to 
seeding soybeans. 
Five cultivars of soybean [Glycine max (L) Merr.] were 
selected to represent the range in maturity groups, 
10 
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Table 1. Growth habits, maturity groupings, and areas of 
adaptation of soybean cultivars included in the biomass study 
in 1993. 
Growth habits/cultivar Maturity Group Area of adaptation 
Determinate 
McCall 
A 2506 
FFR 561 
Perrin 
Indeterminate 
00 
II 
V 
VIII 
Minnesota 
Iowa 
Kentucky 
South Carolina 
Laredo Undesignated Broad adaption 
12 
Fig. 1. Soybean maturity groups (Scott and Aldrich , 1970) 
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determinate and indeterminate growth habits, and both grain 
and forage types. The five cultivars 'McCall', 'A2506', 'FFR 
561', 'Perrin' and 'Laredo', are described in Table 1. Soybean 
seeds were inoculated and hand broadcast at the rate of 175 kg 
ha"1, and covered by disking. Soybeans were planted June 2, 
June 16, and July 6. Plants from each planting date were 
harvested at three different dates based on the flowering time 
of the cultivars. Each experimental unit (plot) measured 3 X 
15m. The soybean experiment included four replications of the 
cultivar date treatments. 
Soybean stand counts were made approximately three weeks 
following each planting date. One quadrat (0.37m2) was sampled 
per experimental unit in each replication. Plant height 
measurements were made weekly until two weeks after the last 
harvest. 
For biomass production the soybean plants were clipped at 
the soil surface from three 0.37m2 quadrats per experimental 
unit and oven dried (70°C) . In an attempt to characterize 
cultivars for biomass yield relative to both stage of maturity 
and calendar date, each cultivar was sampled at its early 
bloom stage. Also, all of the other cultivars were sampled for 
biomass production when a given cultivar reached the early 
bloom stage. This biomass sampling procedure permitted 
cultivars to be compared on a given calendar date and at the 
early bloom stage of maturity. 
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For soybean biomass yield studies, the experimental 
design was a split-split-plot with four replications. The 
three planting dates (June 2, June 16, and July 6) were main-
plots, the three harvest dates were split-plots, and the five 
cultivars (McCall, A2506, FFR 561, Perrin, and Laredo) were 
split-split-plots. For both oats and soybeans, the analysis of 
variance procedure was used to analyze the data. Tukey's pair 
wise comparison procedure was used to separate means. The 
software Mstat-C and Statistix were used to analyze the data. 
Harvard Graphics and Quattro Pro were used to graph results. 
CHAPTER I V 
RESULTS AND DISCUSSION 
Oat Biomass 
The spring oats were sampled for biomass production and 
disked into the soil prior to seeding the soybeans. Oat dry 
matter yields were 2633, 5627, and 5694 kg ha"1 by June 2, June 
16, and July 6, respectively. (Table 2, Fig. 2) . The dry 
matter percentage increased with increased stage of maturity. 
Large amounts of biomass were produced in the five to nine 
weeks following the April 23 seeding. Thus, oats could be used 
either when no winter cover crop was planted or when the 
winter cover crop failed. The oat ground cover would serve 
important functions in reducing soil erosion and leaching of 
nutrients during this period of high rainfall. The oat mulch 
would also decrease the evaporation of water during the summer 
growing season. 
Soybean Plant Stand 
Plant stands varied across and within planting dates. 
Mean stands were intermediate for planting date 1, lowest for 
15 
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Table 2. Effect of harvest dates on stage of maturity, plant 
height, biomass yield, dry matter percentage of oats in 1993. 
Harvest/ 
(Date) 
Stage of 
maturity 
Biomass 
Plant 
height Production Dry matter 
Harvest 1 
(05/29/93) 
Harvest 2 
(06/14/93) 
Harvest 3 
(06/24/93) 
- cm -
Vegetative 40-55 
Flowering 55-98 
Soft dough 50-95 
kg ha 1 -
2633 
5627 
5694 
23 
30 
32 
6000 
6000 
4000 
3000 
2000 
1000 
BIOMASS (kg/ha) DRY MATTER (%) 
D1(6/2) D2(6/16) D3(7/6) 
HARVEST DATE 
D1(6/2) D2(6/16) D3(7/6) 
HARVEST DATE 
Fig. 2. Oat biomass production and dry matter percentage as influenced by harvest date. 
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date 2, and highest for date 3 (Table 3, Fig. 3) . Within 
planting date 1 and 3, mean plant stands were highest for 
Laredo followed by McCall. Within planting date 2, there were 
no significant differences in plant stands among the 
cultivars. Although plant counts were slightly higher for FFR 
561, there were no significant differences among A 2506, 
Perrin, and FFR 561 for emergence within any planting date. 
The effects of planting dates on soybean emergence 
appeared to be largely due to the amount of precipitation 
during the period following planting. The amounts of 
precipitation during the 10 days following planting dates 1, 
2, and 3 were 2.9, 0.2, and 4.5 cm, respectively. Rainfall 
amount and distribution are presented in Table 4. 
Seed germination and emergence were further reduced by 
inadequate seed covering. Broadcasting the seed followed by 
disking the soil resulted in some seeds not being covered and 
some being covered too deeply for emergence. It is anticipated 
that seeding in close rows (18 cm) with a grain drill would 
increase the emergence rate and provide the ground cover 
benefits of broadcast seeding. 
Soybean Plant Height 
Weekly plant height measurements were made from emergence 
until two weeks after the last harvest. At the early bloom 
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Table 3. Effect of planting dates and cultivars on soybean stands 
in 1993. 
Planting date/cultivar Plant stand 
plant m2 
Planting date 1 (06/02) 
McCall 108 
A2506 62 
FFR 561 73 
Perrin 70 
Laredo 175 
Mean 98 
Planting date 2 (06/16) 
McCall 43 
A2506 35 
FFR 561 49 
Perrin 30 
Laredo 4 9 
Mean 41 
Planting date 3 (07/06) 
McCall 213 
A2506 59 
FFR 561 108 
Perrin 83 
Laredo 242 
Mean 141 
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PLANTS / m2 
250 
2 0 0 -
150 
100 
5 0 
D1(6/2) D2(6/16) 
PLANTING DATE 
D3(7/6) 
McCall 
Perrin 
CULTIVAR 
M .A 2506 
Laredo 
FFR 561 
Fig. 3. Soybean plant stand as influenced by planting date and cultivar. 
Table 4. Precipitation from April through August in 1993 at 
Bowling Green, KY.a 
DAY April May June July August 
cm 
1 0.33 0.10 0.00 0.41 0.00 
2 0.03 0.13 0.00b 0.00 0.58 
3 0.00 3.50 0.00 0.00 0.00 
4 0.03 0.08 0.46 0.00 0.00 
5 0.56 0.00 0.00 0.00 0.00 
6 0.00 0.00 0.56 0.00d 0.69 
7 0.00 0.00 0.00 0.00 0.03 
8 0.05 0.00 0.00 0.00 0.00 
9 0.99 0.00 0.00 0.00 0.00 
10 0.00 0.00 1.07 3.94 0.00 
11 0.00 0.03 0.00 0.00 0.00 
12 0.05 1.16 0.84 0.23 0.00 
13 0.00 0.00 0.18 0.00 0.86 
14 0.28 0.00 2.57 0.15 0.03 
15 2.03 0.00 0.00 0.13 0.00 
16 0.25 1.22 0.00c 0.08 0.00 
17 0.00 0.05 0.05 1.14 0.00 
18 0.00 0.66 0.00 1.57 0.46 
19 0.00 0.00 0.00 0.00 0.00 
20 0.13 0.00 0.00 0.00 0.00 
21 0.00 0.03 0.00 0.00 0.00 
22 0.00 0.00 0.00 0.71 0.00 
23 0.00 0.00 0.00 0.00 0.00 
24 0.05 0.00 0.05 0.10 0.05 
25 1.83 0.00 0.08 0.00 0.53 
26 0.00 0.00 0.00 0.00 0.00 
27 0.00 0.00 0.03 0.00 0.00 
28 0.00 0.00 1.32 0.00 0.00 
29 0.00 0.00 0.03 0.00 0.00 
30 0.03 0.33 0.00 0.00 0.00 
31 0.10 0.00 0.00 
a. Courtesy of D.G. Conner, Director, Kentucky Climate Center, 
Bowling Green, KY. 
b, c, and d indicate soybean planting dates. 
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stage, mean plant height was greatest for plants in planting 
date 1 and decreased progressively for dates 2 and 3 (Table 5, 
Fig. 4). In planting dates 1 and 2, plant height was greatest 
for the forage cultivar, Laredo. For the grain soybeans, 
height increased as the maturity group increased. Within date 
3, there were no significant height differences among the 
cultivars. Plant height, especially for the earlier maturing 
cultivars, continued to increase after the early bloom stage 
(Table 5, Fig. 4 and 5). 
These results for plant height are consistent with 
studies on indeterminate cultivars by Hartwig (1954), Beaver 
and Johnson (1981), and Wilcox and Frankenberger (1987) and 
with studies on determinate cultivar by Beaver and Johnson 
(1981). These workers reported that plant height of 
indeterminate cultivars was greatest for early season planting 
and declined with successively later plantings. Height of 
determinate cultivars was greater for mid-season plantings 
than for earlier or later plantings. In the present study, 
plantings were initiated in mid-season and continued into late 
season. Thus, height of both indeterminate and determinate 
cultivars decreased with successive plantings. 
Soybean Biomass 
Mean biomass production decreased progressively (2918, 
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Table 5. Effects of planting dates and cultivars on soybean plant 
height in 1993. 
Plant height 
Planting date/cultivar Early bloom stage Maximum 
cm 
Planting date 1 (06/02) 
McCall 48 70 
A 2506 45 84 
FFR 561 85 112 
Perrin 118 118 
Laredo 161 161 
Mean 91 109 
Planting date 2 (06/16) 
McCall 38 54 
A 2506 31 60 
FFR 561 84 90 
Perrin 102 108 
Laredo 115 120 
Mean 7 4 8 6 
Planting date 3 (07/06) 
McCall 42 55 
A 2506 31 46 
FFR 561 75 77 
Perrin 77 77 
Laredo 70 7 6 
Mean 59 66 
24 
200 
PLANT HEIGHT (cm) 
150 
100 
DK6/2) D2(6/16) 
PLANTING DATE 
D3(7/6) 
McCall 
Perrin 
CULTIVAR 
M A 2506 
Laredo 
FFR 561 
Fig. 4. Soybean plant height at the early bloom stage as influenced by 
planting date and cultivar. 
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200 
PLANT HEIGHT (cm) 
150 
100 
50 
D1(6/2) D2(6/16) 
PLANTING DATE 
D3(7/6) 
McCall 
Perrin 
CULTIVAR 
M A 2506 
Laredo 
FFR 561 
Fig. 5. Maximum soybean plant height as influenced by planting date and 
cultivar. 
26 
2450, and 2088 kg ha"1) with later plantings (Table 6, Fig. 6, 
7, and 8) . Across planting dates, mean biomass yields for 
harvest dates 1, 2, and 3 were 844, 2914, and 3548 kg ha"1, 
respectively. The increased yield resulting from later harvest 
was observed for all planting-harvest date combinations except 
planting 3 in which there were no significant differences 
between biomass yields for harvest 2 and 3. Highest mean 
biomass production was obtained from planting date 1 harvest 
3; lowest production was obtained from planting date 2 harvest 
1. For planting date 1, there were no significant differences 
among cultivar biomass yields within any of the three harvests 
(Fig. 6). For planting date 2 (Fig. 7), cultivars differed in 
harvest 3 only. For planting date 3 (Fig. 8), cultivars 
differed in both harvest 2 and 3. When there were differences 
among the cultivars for biomass production, the forage 
cultivar, Laredo, was consistently among the highest 
producers. 
There were significant interactions involving planting 
dates, harvest dates, and cultivars. Planting date X harvest 
date interactions were evidenced by the progressive increase 
in biomass yields for planting date 1 harvests as compared to 
the diminishing increase associated with successive harvests 
for planting dates 2 and 3. Planting date X cultivar 
interactions were evidenced by the lack of significant 
differences among cultivar biomass yields in planting date 1 
Table 6. Effect of planting dates, harvest dates, and cultivars 
on soybean biomass production in 1993. 
Harvest/date Planting 
date 
Planting date/cultivar 1 2 3 mean 
Wrr Kg lid. 
Planting date 1 (06/02) (07/06) (07/30) (08/14) 
McCall 934a 2986a 3994a 2638a 
A2506 839a 2792a 5378a 3003a 
FFR 561 812a 3121a 4372a 2768a 
Perrin 1064a 2520a 4682a 2755a 
Laredo 1121a 3265a 5882a 3423a 
Harvest mean 954C 2937B 4862A 2918T 
Planting date 2 (06/16) (07/20) (08/16) (08/26) 
McCall 452a 3020a 2619c 2030d 
A2506 515a 2925a 3323bc 2254bc 
FFR 561 576a 3528a 4 4 0 3 ab 2836ab 
Perrin 344a 2709a 3040bc 2031d 
Laredo 563a 3492a 5245a 3100a 
Harvest mean 490C 3135B 327 6A 2450S 
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Table 6. Cotinued. 
Harvest/date Planting 
date 
Planting date/cultivar 1 2 3 mean 
Kg ha~; 
Planting date 3 (07/06) (08/07) (08/25) (09/01) 
McCall 1076a 3265a 3020a 2454a 
A250 6 909a 2309bc 2160b 1793b 
FFR 561 1069a 2196c 2122b 1796b 
Perrin 1172a 2423abc 2243ab 1946b 
Laredo 1217a 3152ab 2981a 2450a 
Harvest mean 1089B 2669A 2505A 2088R 
Overall mean 844Z 2914Y 3548X 2485 
a. Within each harvest of each planting date, cultivar means 
followed by same lower case letter are not significantly different 
at the 0.05 level of probability. 
b. Within each planting date, harvest means followed by the same 
higher case letter are not different. 
c. Likewise, planting date means and overall harvest mean followed 
by the same higher case letter are not different. 
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BIOMASS (kg/ha) 
7000 
H1(7/15) H2(7/30) 
HARVEST DATE 
H3(8/14) 
McCall 
PERRIN 
CULTIVAR 
• A2506 
LAREDO 
FFR561 
Fig. 7. Biomass production by soybean cultivars planted June 16 
(date 2) and harvested on different dates. 
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BIOMASS (kg/ha) 
6000 
H1(7/20) H2(8/16) 
HARVEST DATE 
H3(8/26) 
McCall 
Perrin 
CULTIVAR 
A2506 
Laredo 
FFR561 
Fig. 7. Biomass production by soybean cultivars planted June 16 
(date 2) and harvested on different dates. 
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BIOMASS (kg/ha) 
3 5 0 0 
3 0 0 0 -
2 5 0 0 -
H1(8/7) H2(8/25) 
HARVEST DATE 
H3(9/1) 
McCall 
Perrln 
CULTIVAR 
A2606 
Laredo 
FFR661 
Fig. 7. Biomass production by soybean cultivars planted June 16 
(date 2) and harvested on different dates. 
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as compared to the significantly higher yields produced by 
Laredo, for example, in later harvests. Harvest X cultivar 
interactions were not apparent within planting date 1 but were 
significant within planting dates 2 and 3. For these dates, 
cultivar yield differences were not expressed in the first 
harvest but were present in later harvests. Although these 
results indicated evidence of significant interactions 
involving planting dates, Elmore(1990) found no interaction 
involving planting dates with cultivars or tillage methods in 
a study conducted in Nebraska. 
Each cultivar was harvested when it reached the early 
bloom stage. The number of days required to reach the early 
bloom stage was approximately equal for McCall and A 2506 and 
for Perrin and Laredo (Table 7, Fig. 9) ; therefore, three 
harvests were necessary within each planting date. To compare 
biomass production for a given period or on a particular 
calendar date, all cultivars were included in each harvest. 
Thus, for a given harvest at least one cultivar was at the 
early bloom stage while the others were either pre- or post-
early bloom. By selecting the yield data for the early bloom 
stage it was possible to compare all the cultivars at that 
stage. 
When the cultivars were compared at the early bloom stage 
(Table 8, Fig. 9 and 10), the days required to reach that 
stage generally decreased with later planting dates. Plant 
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Table 7. Effects of planting dates and soybean cultivars on days 
to early bloom stage, plant height, and biomass production at 
early bloom stage in 1993. 
Days to 
reach early Plant Biomass 
bloom stage height production" 
Planting date 1 (06/02) 
McCall 
A2506 
FFR 561 
Perrin 
Laredo 
Mean 
Planting date 2 (06/16) 
McCall 
A2506 
FFR 561 
Perrin 
Laredo 
Mean 
43 
43 
58 
72 
72 
58 
34 
34 
60 
70 
70 
54 
- cm -
48 
45 
85 
118 
161 
91 
38 
31 
84 
102 
115 
74 
kg ha"1 -
934c 
839c 
3121b 
4 682ab 
5882a 
3094A 
452c 
515c 
3528b 
3040b 
5245a 
2556A 
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Table 7. Continued. 
Days to 
reach early Plant Biomass 
bloom stage height production* 
- cm - - kg ha 1 -
Planting date 3 (07/06) 
McCall 31 42 1076c 
A2506 31 31 909c 
FFR 561 49 75 2196b 
Perrin 55 77 2243b 
Laredo 55 70 2981a 
Mean 44 59 1881B 
a. Within each planting date, cultivar biomass production means 
followed by same lower case letter are not significantly different 
at the 0.05 level of probability. Planting date means followed by 
the same higher case letter are not significantly different. 
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DAYS 
Dl(6/2) D2(6/16) 
PLANTING DATE 
D3(7/6) 
McCall 
Perrin 
CULTIVAR 
f M A 2606 
M Laredo 
FFR 661 
Fig. 9. Days required for soybean cultivars to reach the early bloom stage. 
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Table 8. Effects of cultivars on soybean biomass production when 
the yields are summarized by calendar date and by stage of 
maturity in 1993.a 
Cultivar Calendar date Early bloom stage 
McCall 
A 2506 
FFR 561 
Perrin 
Laredo 
2374b 
2350b 
2467b 
2244b 
2870a 
kg ha -i 
821c 
755c 
2948b 
3326b 
4703a 
a. Calendar date means followed by same letter are not 
significantly different at the 0.05 level of probability. Likewise, 
for early bloom stage means. 
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7000 
6000 
BIOMASS (kg/ha) 
D1(6/2) D2(6/16) 
PLANTING DATE 
D3(7/6) 
McCall 
Perrin 
CULTIVAR 
• A 2506 
Laredo 
FFR 661 
Fig. Soybean biomass production at the early bloom stage as 
influenced by planting date and cultivar. 
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height also decreased with later plantings. Biomass production 
by cultivars harvested at the early bloom stage was 
significantly higher for the first two than for the third 
planting date. Within planting dates, biomass production 
increased as days to maturity increased. At early bloom Laredo 
was the highest yielding cultivar. 
Comparisons of cultivar biomass yields for calendar dates 
with those for the early bloom stage (Table 8) shows that the 
early maturity cultivars continued to increase in biomass 
beyond the early bloom stage. This outcome was not as 
beneficial for the later maturing cultivars because the 
growing season was essentially over when they reached early 
bloom. 
In producing organic matter for a cropping system, 
attention must be given to quantity, quality, and seasonal 
distribution of biomass production. In the present study, 
biomass yields increased with advancing stage of maturity. 
Hintz et al. (1992) reported that stage of maturity at harvest 
had greater effect on yield than did cultivar or planting 
rate. Dry matter yields increased with each advance in stage 
of maturity. In Willard's early studies (1925) maximum hay 
yields were obtained when the beans were well formed or, at 
the latest possible date, when one-fourth of the leaves had 
turned yellow. Munoz et al. (1983) and Hintz et al. (1992) 
recommended that soybean forage be harvested between the early 
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pod (R6) and late pod (R7) stages. When harvested earlier, 
less dry matter had been produced; when harvested later, more 
leaves had dropped (Hanway and Weber, 1971) . Based upon these 
observations, higher dry mater yields could have been obtained 
in the present study by delaying harvest until the pod stage, 
especially since any dropped leaves would contribute to the 
green manure. The earlier maturity cultivars continued to 
increase in yield beyond the early bloom stage. 
In the present study, the biomass was not analyzed 
chemically for its nutritive value. However, maturity stage 
has a major effect on the forage quality in soybean. Hintz et 
al. (1992) found that crude protein concentrations decreased 
with advancing vegetative stages, but increased during the pod 
stage. Hintz et al. (1992) also reported that differences 
among cultivars for forage quality were related to the 
maturity groups of the cultivars. 'Corsoy 79' produced forage 
with higher crude protein than the later maturing 'Williams 
82' when each was harvested at the R7 stage; however, Williams 
82 produced more forage. 
The results reported herein indicate that efficient use 
of soybeans for green manure requires planting date and 
cultivar selection to be matched with calendar date and 
production period. If land is available for the full season, 
a late maturing cultivar would provide extended cover and give 
maximum production even though the quality would be lower. For 
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a shorter period, an earlier maturing cultivar would be 
preferred. Since quality of the biomass reaches maximum at the 
pod stage rather than at the mature seed stage, it follows 
that the maturity requirement of the selected forage cultivar 
should be slightly longer than the environment provides. Such 
a combination would utilize the full growth period without 
reaching the mature seed stage. 
When properly inoculated with nitrogen fixing bacteria 
(Rhizobium japonicum) , the soybean adds enough nitrogen to the 
soil to meet the crops needs. Thus, additional nitrogen 
fertilization is not required. The utilization of atmospheric 
rather than commercial sources of nitrogen adds to the value 
of soybeans as a green manure crop. 
As a crop, soybean is unsurpassed in its contribution to 
the world's supply of oil and protein. Since it requires 
little, if any, application of nitrogen to the soil, soybean 
production is less damaging to the environment. As agriculture 
becomes more dependent upon organic matter and organic 
nitrogen, soybean will contribute even more. 
Soybeans are well suited for use as a green manure crop. 
It is widely adapted, produces high yields of quality foliage, 
adds nitrogen to the soil, responds to different growth 
periods, and is relatively easy to culture. 
Results of this study substantiate the potential of 
soybean as a green manure crop in Kentucky. The crop's 
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flexibility would permit its use in varying lengths of summer 
growth periods between other crops. Some cultural problems 
such as proper coverage of broadcast seeds and weed control 
remain to be resolved, but the potential is there. 
CHAPTER V 
SUMMARY 
Soybean [Glycine max (L.) Merr.] is a valuable source of 
edible food and organic nitrogen. Soybean cultivar development 
and cultural practices have been directed toward seed 
production rather than forage or green manure production. 
Recent environmental concerns have resulted in renewed 
interest in the use of organic matter in agriculture. 
The objective of the present investigation was to 
determine the effects of cultivar maturity differences and 
planting dates on biomass production of soybean. 
The research was conducted on the Western Kentucky 
University Farm in 1993. The experimental design was a split-
split-plot with four replications. The three planting dates 
(June 2, June 16, and July 6) were main-plots, the three 
harvest dates were split-plots, and the five cultivars were 
split-split-plots. The cultivars and their maturity groupings 
and areas of adaptation are as follows: 'McCall' (00, 
Minnesota), 'A2506' (II, Iowa), 'FFR 561' (V, Kentucky), 
'Perrin' (VIII, South Carolina), and 'Laredo' (undesignated 
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maturity, forage cultivar) . Each experimental unit was 45 m2. 
Seeds were inoculated and broadcast at the rate of 175 kg ha-1 
and covered by disking. 
Average biomass production (oven dry basis) decreased 
progressively (2918, 2450, and 2088 kg ha-1) for the later 
planting dates. For the June 2 and June 16 planting dates, 
biomass yields increased for successive harvest dates; 
however, for the July 6 planting date, biomass yields did not 
differ for harvests 2 and 3. When cultivars were compared at 
the early bloom stage, later maturing cultivars produced more 
biomass. Laredo was consistently among the highest producers. 
There were significant interactions involving planting dates, 
harvest dates, and cultivars. 
Soybean stands and yields were reduced by inadequate seed 
covering, by insufficient soil moisture— especially the 
second planting, and by competition from johnsongrass and 
pigweed. However, these results indicate that soybean is a 
good source of green manure during the summer. 
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